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WHAT IS CLAIMED IS: 

1. A ligh\- scanning optical apparatus comprising: 
an incidence^ optical system adapted to cause a 

light beam emitted\from a light source to strike a 
deflection plane of ^an optical deflector with a 
predetermined angle ±\ the sub- scanning section; and 

a focussing optical, system for focussing the light 
beam reflected by the deflection plane of the optical 
deflector on a surface to\be scanned; 

said focussing optica^ system including an f 6 lens 
system having a spherical le\is and a first cylindrical 
lens showing power in the main-scanning direction and 
an optical system showing powes\ in the sub-scanning 
direction; 

said spherical lens and saiS N f irst cylindrical 
lens also constituting part v of s a i^d\ incidence optical 
system. ^ ^ \ \ 

2. A light-scanning optical apparatus according 
to claim 1, wherein 



and 




the requirements of conditional 
(2) below are satisfied: 
(Nl-1) 



mulas ( 1 ) and 



(N 2 — 1 ) 
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where 

F: the Yocal length of the fQ lens system in the 
main-scanning airection, 

R2: the raflius of curvature of the surface of the 
spherical lens f acting the surface to be scanned, 

R3: the radius of curvature of the surface of the 
first cylindrical lens facing the optical deflector as 
viewed in the main- scanning direction, 

Nl : the refractivey index of the material of the 
spherical lens at the operating wavelength and 



N2 : the refractive 



first cylindrical lens 



the 



of the material of the 
operating wavelength. 
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3. A light- scanning opticaXL apparatus according 
to claim 2, wherein 

the left side of the conditional formula ( 1 ) and 
the left side of the conditional formula ( 2 ) satisfy 
the requi rement 



(N2- 1) 
R3 



(Nl - 1) 
R2 



4. A light -scanning optical apparatus according 
to claim 2, wherein 

the requirement of Conditional formula below is 
satisfied: 

0.86 < Nl / N2 < 0.92 \ (3). 



5. A light-scanning opticalV apparatus according 



5? 



to claim 2, wherein 

the requirement of the conditional formula below 
is satisfied: 

0.05 < DO / F \ 0.08 (4), 

where 

DO: the distance Nbetween the deflection plane of 
the optical deflector ami the spherical lens. 



6. A light-scanning optical apparatus according 
10 to claim 2, wherein 

the requirement of the conditional formula below 
is satisfied: 

0. 15< (D1^N1 + D2 + D3/n\) <q _ 2Q (5), 



15 where 

Dl: the thickness of the spherical\ lens, 
D2: the distance between the spherical lens and 
the first cylindrical lens and 

D3: the thickness of the first cylindrical lens. 

20 

7. A light -scanning optical apparatus according 
to claim 2, wherein 

the light beam emitte^Xfrom the light source 
strikes the deflection pJkane ^sthe optical deflector 
25 substantially along the ceWte^^ineN of the deflection 
angle of the optical deflector. 
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8. A lig! 
to claim 2, wher> 

the light 
strikes the defl 
with a width broader^ 
in the main- scanning 

9. A light 




cal apparatus according 

from the light source 

f the optical deflector 
of the deflection plane 



tical apparatus according 



wing power in the sub- 



to claim 2, wherein 

said optical system 
scanning direction has a second cylindrical lens 
showing power in the sub-scanning direction. 



10. A lighN:- scanning optical apparatus according 
15 to claim 1, wherei^ 

said optical system showing power in the sub- 
scanning direction has. a second cylindrical lens; and 

the light beam at image height = 0 is made to pass 
through a position off thet optical axis of the second 
20 cylindrical lens in the subXscanning section. 



25 



11. A light-scanning optical apparatus according 
to claim 10, wherein 

the direction vector of the litaht beam reflected 
by the deflection plane at image height =0 and the 
optical axis of the second cylindrical \ens are made to 
show a predetermined angle. 
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12. A lignt- scanning optical apparatus according 
to claim 10, wherein 

the perpendicular to the deflection plane at image 
height - 0, the optical axis of the spherical lens and 
5 that of the first cylindrical lens are parallel with 
each other in the sub-scanning section. 

13. A light -scanning optical apparatus according 
to claim 10, wherein 

10 the perpendicular to the deflection plane at image 

height = 0 and the optical axis\ of the first cylindrical 
lens are parallel with each other in the sub- scanning 
section; and, \^ 

if the direction vector of the light beam entering 

15 the deflection plane at image height=0 and the 

direction vector of the light beam reflected by the 
deflection plane are expressed respectively by al and 
ct2 and the direction vector of the optical axis of the 
spherical lens is expressed by p, the requirement of 

20 the conditional formula below is satisfied: 
\al • p| > \a2 * p| 

14. A light- scanning optical apparatus according 
to claim 10, wherein \^ 

25 the light beam reflected by the deflection plane 

at image height = 0, the optical axis of the spherical 
lens and that of the first cylindrical lens are 
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parallel with each other in the sub-scanning section. 

15. A light -scanning optical apparatus according 
to claim 10, wherein 

the light be arrk emitted from the light source 
strikes the deflectiqn plane of the optical deflector 
with a width broader than that of the deflection plane 
in the main- scanning direction. 

10 16. A light-scanning Optical apparatus according 

to claim 10, wherein 

the light beam emitted from the light source 
strikes the deflection plane of the optical deflector 
substantially along the center line^ of the deflection 

15 angle of the optical deflector. 



17. A light-scanning optical apparatus 
comprising: \ 

an incidence optical system adapted ta cause a 
20 light beam emitted from a light source to strike a 
deflection plane of an optical deflector with 
predetermined angle in the sub- scanning section ;\ and 

a focussing optical system for focussing theNlight 
beam reflected by the deflection plane of the optical 
25 deflector on a surface to be scanned; 

said focussing optical system including an f0 lens 
system having a spherical lens and a first cylindrical 
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lens showing power in the main- scanning direction and 
an optical ^system showing power in the sub- scanning 
direction; 

said fociksing optical system satisfying the 
requirements of \conditional formulas (1) and (2) below: 



and 



(Ni- D 



(N 2 — 1\ 
R3 



<0. 15 



<0. 15 



(l) 



(2), 



where 

F: the focal length \>f the fe lens system in the 
main-scanning direction, 

R2: the radius of curvature of the surface of the 
spherical lens facing the surface to be scanned, 

R3 : the radius of curvature of the surface of the 
first cylindrical lens facing the ^optical deflector as 
viewed in the main- scanning direction, 

Nl : the refractive index of they material of the 
spherical lens at the operating wavelength and 



1 



N2 : the refractive index of the material of the 
first cylindrical lens at the operating wavelength. 



18. A light-scanning optical apparatus \according 
25 to claim 17, wherein 

the left side of the conditional formula ( i\) and 



the left side of the conditional formula (2) satisfy 
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the requirement; 

(N l\ 1 ) 



R2\ 



(N 2 - 1 ) 
R3 



15 



19. A lx girt -scanning optical apparatus according 
to claim 17, wherein 

the light beam\ emitted from the light source 
strikes the deflection plane of the optical deflector 
with a width broader than that of the deflection plane 
in the main-scanning direction. 

20. A light-scanning c>ptical apparatus, according 
to claim 17, wherein 

said spherical lens and said first cylindrical 
lens also constitute part of saic^ incidence optical 
system. 



21. A light -scanning optical apparatus according 
to claim 17, wherein 

the light beam emitted from the ligh\-^ source 
20 strikes the deflection plane of the opt icalv^def lector 
substantially along the center line of the deflection 
angle of the optical deflector. 



22. A light-scanning optical apparatus according 
25 to claim 17, wherein 

said optical system showing power in the sub- 
scanning direction has a second cylindrical lens 
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showing power in the sub-scanning direction. 

23. A light -^canning optical apparatus 
comprising : 

an incidence optical system adapted to cause a 
light beam emitted from a light source to strike a 
deflection plane of an optical deflector with a 
predetermined angle in tne sub- scanning section; and 

a focussing optical system for focussing the light 
beam reflected by the deflection plane of the optical 
deflector on a surface to be\scanned; 

said focussing optical system including an fe lens 



system having a spherical lens 



a first cylindrical 



20 



lens showing power in the main-sqanningydirection and 
an optical system showing pfrower in\;t-Ke sub^- scanning 
direction; \ / 

the light beam emitted *€rom theVLight source being 
made to strike the deflection plane onsaid optical 
deflector with a width broader than that of the 
deflection plane in the main-scanning direction. 



25 



24. A light -scanning optical apparatus^ according 
to claim 23, wherein 

the requirements of conditional formulas Y 1 ) and 
(2) below are satisfied: 

(Nl-D .p| <0. 15 \ <*> 

R2 
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and 



\ 



\ (N 2 — 1 ) 
R3 




<0. 15 



(2) 



where 

F: the focal length of the fG lens system in the 
main- scanning direction, 

R2 : the rad\Lus of curvature of the surface of the 
spherical lens facing the surface to be scanned, 

R3 : the radius\ of curvature of the surface of the 
first cylindrical lens facing the optical deflector as 
viewed in the main- scanning directs 

Nl : the refractive^ 
spherical lens at the operating^wave 

N2 : the refractive 
first cylindrical lens a^ 

25. A light -scanning\op;fclc^l apparatus according 
to claim 24, wherein 

the left side of the 
the left side of the conditional formula (2) satisfy 
the requirement 
(N 1-1) 




conditional formula ( 1 ) and 



(N 2 - 1 ) 



R2 



R3 



26. A light-scanning optical apparatu^ according 
to claim 23, wherein 

said spherical lens and said first cylindrical 
lens also constitute part of said incidence optical 
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systen 

27. \ A light-scanning optical apparatus according 
to claim 2^. wherein 

the light beam emitted from the light source 
strikes the deflection plane of the optical deflector 
substantially aJLong the center line of the deflection 
angle of the pptrca\ deflector. 
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28. A ligKt- scanning optical apparatus according 
to claim 23, wher^ein 

said optical systeirk showing power in the sub- 
scanning direction has a second cylindrical lens 
showing power in the sub-scanning direction. 

\ 

29. An image forming apparatus comprising: 
a light -scanning optical apparatus according to 

any of claims 1 through 28; 

a photosensitive number arranged on said surface 
to be scanned; 

a developing unit forV developing an electrostatic 
latent image formed on said ^photosensitive member by a 
light beam caused to scan by sfcid light-scanning 
optical apparatus into a toner image; 

a transfer unit for transferring said developed 
toner image onto a toner image receiving member; and 

a fixing unit for fixing the transferred toner 



image on the tone A image receiving member. 
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30. An image forming apparatus comprising: 

a light-scanning oVtical apparatus according to 
any of claims 1 through 2k; and 

a printer controller foa: transforming code data 
input from an external device\into an image signal and 
input it into said light -scanning optical apparatus. 

31. A ligh\^- scanning optical apparatus 
comprising: \ 

an incidence optical system adapted to cause a 
light beam emitted from a light source to strike a 
deflection plane of an diptical deflector with a 
predetermined angle in the sub- scanning section; and 

a focussing optical system for focussing the light 
beam reflected by the deflee^pn plane of the optical 
deflector on a surface "no be s\;an^ 



A 



said focussing optical system' including an f 0 lens 
system having a lens showing pdwer\ both in the main- 
scanning direction and in 1?he\sub-s^anning direction 
and a first cylindrical lens shewing "bower in the main- 
scanning direction and an optical system showing power 
in the sub- scanning direction; 

said lens showing power both in the mkin- scanning 
direction and in the sub-scanning direction land said 
first cylindrical lens also constituting part\)f said 
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incidence optical system. 



\ 



32. 



A 



ght- scanning optical apparatus according 



\ 



to claim 31, wherein 

said lens sliowing power both in the main- scanning 
direction and in \he sub-scanning direction is a 
spherical lens. 
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33 . A light -scanning optical apparatus according 
to claim 32, wherein 

the requirements of\ conditional formulas (1) and 



(2) below are satisfied: 
(N 1 - 



and 



R2 



(N 2 Al ) 



R3 \ 



<0. 15 



1 5 



(1) 



(2) 



where 

F: the focal length of the fe\lens system in the 
20 main-scanning direction, 

R2: the radius of curvature of t^he surface of the 
spherical lens facing the surface to be\scanned, 

R3 : the radius of curvature of theNsurface of the 
first cylindrical lens facing the optical Reflector as 
25 viewed in the main-scanning direction, 

Nl : the refractive index of the material, of the 
spherical lens at the operating wavelength and> 
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N2: the refractive index of the material of the 
first cylindrical lens at the operating wavelength. 
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34. A light-scanning optical apparatus according 
to claim 33, wherein 

the left side\ of the conditional formula ( 1 ) and 
the left side of the, conditional formula (2) satisfy 
the requirement 



(N 2 - 1 ) 
R3 



(N 1 - 1 ) 



R2 



35. A light -scanning optical apparatus according 
to claim 31, wherein 

the light beam emitted ^fronT^t{ie light source 



strikes the deflection plane 6\£ the^ optical deflector 
substantially along the^center/l^ine of the deflection 
angle of the optical deflator. 



36. A light-scanning optical apparatus according 
to claim 31, wherein 

the light beam emitted from the livght source 
strikes the deflection plane of the optical deflector 
with a width broader than that of the defiection plane 
in the main- scanning direction. 



25 37. A light-scanning optical apparatus according 

to claim 31, wherein 

said optical system showing power in the sub\ 
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scanning direction has a second cylindrical lens 
showing power in the sub-scanning direction. 

38. A light-scanning optical apparatus 
5 comprising: 

an incidence op-feical system adapted to cause a 
light beam emitted fro\n a light source to strike a 
deflection plane of an optical deflector with a 
p predetermined angle in the sub-scanning section; and 

pi 10 a focussing optical system for focussing the light 

yJ \ 

Zl beam reflected by the deflection plane of the optical 

deflector on a surface to be scanned; 

said focussing optical system including an f6 lens 



01 
m 



system having a lens shewing pow^^both in the main- 
15 scanning direction and o.n the subVscafining direction 



and a first cylindrical J>ens showing power in the main- 

a \ / \ 

scanning direction and an op^kfcal system showing power 
in the sub-scanning direction'), \ 

the light beam emitted from the light source being 
20 made to strike the deflection plane of said optical 
deflector with a width broader than that of the 
deflection plane in the main-scanning direction. 



39. A light-scanning optical apparatus according 
25 to claim 38, wherein 



\ 



said lens showing power both in the main- scanning 
direction and in the sub-scanning direction is a \ 
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spherical \ens. 
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40 . A light- scanning optical apparatus according 
to claim 38, wnerein 

the requirements of conditional formulas ( 1 ) and 
(2) below are satisfied: 

I (N1.-1) >p 



and 



r; 



(N 2 - 1 )\ 



R3 



<0. 15 



< 0. 15 



(1) 



(2) 



where 

F: the focal length of \the f0 lens system in the 
main-scanning direction, 

R2: the radius of curvatuf^e of the surface of the 
spherical lens facing the/^surf ace\t£> be scanned, 

R3 : the radius of curvature 
first cylindrical lens facing the 
viewed in the main- scanning^ 

Nl : the refractive index^ 
spherical lens at the operating wavelength and 

N2: the refractive index of the material of the 
first cylindrical lens at the operating waveJSength. 



to^surface of the 
cal deflector as 

ction, 

f the material of the 



25 41 . A light-scanning optical apparatus according 

to claim 38, wherein 

the left side of the conditional formula ( 1 ) aVid 



the left side of the conditional formula (2) satisfy 



the requirement 



(N2Vl)_. F | < | JNJ^I2-. F 



R3 II R 2 

42. A light-scanning optical apparatus according 
to claim 38, wherein 

said spherical\ lens and said first cylindrical 
lens constitute part\of said incidence optical system. 

43. A light- scanning optical apparatus according 
to claim 38, wherein 

the light beam emitted from the light source 
strikes the deflection plane\ of the optical deflector 
substantially along the centeis: line of the deflection 
angle of the optical deflector. 

44. A light-scanning ox^ticaix^pparatus according 
to claim 38, wherein 

said optical system showincjApoweV in the sub- 
scanning direction has a second cylindrical lens 
showing power in the sub-scanning direction. 

45. An image forming apparatus comprising: 
a light-scanning optical apparatus according to 

any of claims 31 through 44; 

a photosensitive member arranged on said surface 
to be scanned; 



\ 

latent image formed on said photosensitive member by £ 
light beam caused to scan by said light-scanning 
optical apparatus into a toner image ; 

a transfer unit for transferring said developed 
toner image onto a\toner image receiving member; and 

a fixing unit for fixing the transferred toner 
image on the toner image receiving member. 



46. An image f ormingXapparatus comprising 



a light-scanni 
any of claims 31 throv) 

a printer controller 
code data input from an extend 
signal and input it into 
apparatus . 




pparatus according to 

forming 
device into an image 
scanning optical 



